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Introduction
Alternative splicing is a widespread mechanism of gene expression regulation frequently used during cell differentiation and development (1) (2) (3) . Deficiencies in splice site selection have significant implications for a variety of diseases, including tumour progression, muscular dystrophy and inflammatory responses (4, 5) . The mechanisms underlying the control of splice site usage, however, are still poorly understood.
Drosophila sex determination offers a system in which the factors involved in cascades of RNA processing events have been identified genetically. The gene Sex lethal (Sxl) controls the processes of sex determination, dosage compensation and sexual behaviour (6) . It encodes an RNA binding protein (SXL) that is present exclusively in female flies, and that induces female-specific patterns of alternative splicing of target genes. Female somatic differentiation and sexual behavior, for example, depend upon activation by SXL of a female-specific 3' splice site in the gene transformer (7) (8) (9) (10) (11) (12) . Use of the non-sex-specific 3' splice site results in mRNAs with little coding capacity due to the presence of premature stop codons. The stop codons are skipped when the femalespecific 3' splice site is used, thus generating mRNAs that encode full-length TRA protein.
were knocked out separately (33) . This study demonstrated that the +KTS isoform was essential for male sexual determination, which is consistent with the finding that patients that suffer from the Frasier syndrome fail to produce this isoform and males frequently show sex reversal (23) .
We discuss in this manuscript the involvement of FL (2) 
Splicing substrates
AdML pre-mRNA (MINX) was generated by in vitro transcription with SP6
RNA polymerase using as template plasmid pAdML (pMINX) digested with BamHI. Mtra pre-mRNA contains the 5' splice site of the AdML pre-mRNA and the alternative 3'
splice sites of the first intron of the Drosophila gene transformer, and was generated by in vitro transcription with SP6 using as template pGEM-M-tra digested with BamHI (12) .
Recombinant proteins
GST-SXL was expressed in and purified from E. coli as described (12) 
Antibodies
Anti-FL(2)D and anti-hFL(2)D/WTAP antibodies were described previously (19, 22) . Anti-FL(2)D and hFL(2)D/WTAP antibodies were affinity-purified, eluted in 200 mM glycine and 0,1% BSA pH 2,5, and neutralized immediately. Anti-SXL polyclonal antibodies were generated in rabbits using as antigen GST-SXL and RIBI as adjuvant (ImmunoChem Research). The antisera used in this study correspond to bleeds obtained after four boosts with the same antigen.
Nuclear extracts
Nuclear extracts from Drosophila embryos were prepared according to Ref. 35 .
HeLa nuclear extracts were prepared according to Dignam et al. (36) or purchased from the Computer Cells Culture Center (Belgium).
Cloning of hFL(2)D
Based in the homology between FL(2)D and the product of a conceptual translation of the EST human clon D14661, a fragment of hFL(2)D/WTAP cDNA was obtained by RT-PCR. RNA ligase-mediated rapid amplification of 5' and 3' cDNAs ends (RACE) was carried out using the Qiagen RNeasy kit for RNA isolation and the GeneRacer Kit (Invitrogen) for full length cDNA amplification.
Immunoprecipitations and mass-spectrometry
Antibodies against FL(2)D were bound to protein A-Sepharose by dimethylpimelimidate (DMP) mediated crosslinking, at room temperature in a rotating wheel for 2 hours. The beads were washed four times with 1 ml of NEB buffer (25 mM Hepes pH 7.6; 12,5 mM MgCl; 40 mM KCl; 10% glycerol; 1mM PMSF, 1 mM DTT), and then incubated with 2 ml of Drosophila embryo nuclear extract for 2 hours at 4ºC.
After washing four times with buffer, the pellets were resuspended in 100 µl of SDS sample buffer and heated to 95ºC for 3 min to release immunoprecipitated proteins. After electrophoresis on SDS-polyacrylamide gels, the gels were fixed for 30 minutes in 10% glacial acetic acid, 10% methanol. Silver staining of polyacrylamide gels was carried out by washing with water twice for 2 min, and then for an hour on a shaking platform. The gel was sensitised with 0.02% sodium thiosulfate for 1-2 minutes, then thiosulfate solution was discarded and the gel quickly rinsed with two 30 seconds changes of water.
The gel was developed with a solution of 0.04% formaldehyde in 2% sodium carbonate.
When sufficient degree of staining was obtained, development was quenched by discarding the developing solution and washing the gel with 1% acetic acid. Bands of interest were excised, in-gel digested with trypsin, and the resulting peptides extracted as described previously (37) . For MALDI mass mapping, thin film technique was used for target preparation as described previously (38) . for 2 hours at 4ºC on a rotating wheel, the beads were removed by centrifugation and the supernatant was adjusted to 1M KCl to carry out a second round of depletion at 1M KCl.
Western blot analysis
The depleted extract was separated from the beads by centrifugation using Mobitec columns and dialysed against buffer D 0.1 KCl. buffer. After incubation, the RNAs were purified by proteinase K treatment, phenolcloroform extraction, and precipitation. Spliced products were analyzed directly by electrophoresis on 13% denaturating polyacrylamide gels in Tris-Borate-EDTA buffer when radioactively labeled RNA was used in the assays. tra alternative splicing was analyzed by primer extension using splice junction-specific primers as described (12) .
In vitro splicing assays
Gels were exposed to PhosphorImager screens (Fuji BAS-MP) and the intensity of the bands was quantified.
Results

Polypeptides associated with FL(2)D in embryo extracts
Affinity-purified anti-FL(2)D antibodies were used for immunoprecipitation assays in Drosophila embryo nuclear extracts. Equivalent amounts of immunoglobulins from pre-immune sera were used as controls. First, the presence of SXL in the precipitates was analyzed by western blot using specific antibodies. Figure 1A shows that SXL could be detected in the precipitates obtained using anti-FL(2)D antibodies, but not in control
immunoprecipitates. This result indicates that FL(2)D and SXL are part of a complex in embryo nuclear extracts. This conclusion is also supported by the presence of both proteins in similar fractions when nuclear extracts were fractionated on sucrose gradients (data not shown). The results were not affected by treatment of the extract with RNase A previous to immunoprecipitation, arguing against the possibility that the two proteins are coprecipitated because of their independent association to the same pre-mRNA. GST pulldown and far-western blot assays, however, failed to demonstrate a direct interaction between the two proteins (data not shown).
To identify additional components associated to FL(2)D, the products of immunoprecipitation were fractionated on SDS-polyacrylamide gels, which were stained with Coomassie-Blue or silver nitrate. Two polypeptides of around 120 and 220 KDa could be identified that were precipitated by anti FL(2)D antibodies but not by pre-immune sera ( Figure 1B ). The corresponding bands were excised from the gel and sequenced by mass spectrometry (37, 38) . MALDI-TOF analyses identified these polypeptides as the products of the genes virilizer (vir) (18) and dim-7 (40) . Binding Protein 7 (RanBP7), which is a member of the importin beta family of nuclear import receptors (40, 41) . As was the case with SXL, association of VIR and DIM-7
proteins with FL(2)D was not affected by RNase A digestion previous to the precipitation assay, suggesting that the complex is not mediated by RNA.
FL(2)D is not involved in SXL accumulation
One possible explanation for the genetic interactions observed between Sxl and fl (2) (Figure 2A ). This result indicates that the fl(2)d 1 mutation does not cause a reduction in the levels of the protein at the restrictive temperature. The experiments were carried out after heat shock treatment for reasons that will become obvious below.
Next we tested whether accumulation of SXL was affected. For this purpose we used the very strong fl (2) Figure 2B ). Although the amounts of SXL detected were relatively low, previous work has proven that efficient splicing regulation of transformer could be achieved under these experimental conditions (13) .
We conclude that the fl (2) Figure 4C ). Table 1 compiles quantitative analysis of results from six independent experiments, which are compatible with the result shown in Figure 4C . Two independently obtained anti-FL(2)D/WTAP antisera were used in these experiments, with similar results.
To test whether the effects observed in immunodepleted extracts were specific, recombinant purified FL(2)D protein was added to the depleted extracts and the relative use of the non-sex-specific and female-specific 3' splice sites was quantified. The data presented in Table 2 indicate that addition of FL(2)D to depleted extracts can restore the ratio between the use of non-sex-specific and female-specific sites observed in mock- 
